Through the modelling of near-infrared photometry of star plus disk systems with the codes bedisk/beray, we successfully describe the WISE photometric characteristics of Be stars in five young open clusters, NGC 663, NGC 869, NGC 884, NGC 3766 and NGC 4755, broadly studied in the literature. WISE photometry allows previously known Be stars to be detected and to find new Be candidates which could be confirmed spectroscopically. The location of Be stars in the WISE colour-magnitude diagram, separates them in two groups; active (Be stars hosting a developed circumstellar disk) and quiescent objects (Be stars in a diskless phase), and this way, we can explore how often stars are observed in these different stages. The variability observed in most active variable Be stars is compatible with a disk dissipation phase. We find that 50 percent of Be stars in the studied open clusters are in an active phase. We can interpret this as Be stars having a developed circumstellar disk half of the time. The location of Be stars with a developed disk in the CMD require mass loss rates in agreement with values recently reported in the literature. For these objects, we expect to have a tight relation between the equivalent width of the Hα line and the mass of the disk, if the inclination is known. Also, near-infrared photometry of Be stars in stellar clusters has the potential of being useful to test whether there is a preferential viewing angle.
INTRODUCTION
Be stars as a group are among the most rapidly rotating stars, both in terms of their spin angular velocity rate (Ω eq /Ω crit ) and their equatorial velocity (V eq ). The defining observed characteristics of these main-sequence (MS), intermediate-mass stars include the presence of hydrogen and metallic lines in emission in their spectra, an infrared colour excess, as well as short and long-term photometric and spectroscopic variability. These observed characteristics, together with radio observations, polarimetric signatures and interferometric data, can be globally explained within the framework of the viscous decretion disk model (for a recent review on this subject, we refer the reader to Rivinius et al. 2013) . However, despite all the progress in understanding the characteristics of Be stars and their circumstellar disks, the underlying mechanism(s) triggering the formation of such a circumstellar envelope remains elusive.
According to Sana et al. (2012) , over 70% of stars with masses larger than 8 M ⊙ exchange mass with a companion during some period of their evolution. Therefore a significant number of binaries is expected among B stars, in particular granada@fcaglp.unlp.edu.ar among earlier spectral types. For instance, the bimodal distribution of rotational velocities for the single early B-type stars found in the 30 Doradus region by Dufton et al. (2013) , could be partly due to evolutionary effects related to binarity. An incidence of 30% of binarity among Be stars was found by Oudmaijer & Parr (2010) , consistent with the incidence among normal, MS B stars. According to these authors, binarity may not be a key aspect involved in the appearance of the Be phenomenon; however, when the companion is close enough to the Be star, it could affect the circumstellar disk, for instance, by truncating it or triggering disk oscillations (e.g. Okazaki et al. 2002; Oktariani et al. 2016) . In other binary systems, episodes of mass transfer, or even mergers, could lead to the formation of a rapidly rotating star that could potentially become a Be star.
Understanding how the existence of Be stars depends on metallicity, spectral type, and evolutionary stage can help to understand the mechanism(s) involved in the appearance of the Be phenomenon. Open clusters constitute ideal laboratories to study the conditions in which Be stars form and evolve. We can assume that cluster stars come from the same primordial cloud and share a common spatial location, proper motions, initial chemical composition, and age.
It has been long known that the detected fraction of Be stars with colour excess increases with wavelength (e.g. Dougherty et al. 1994) , as expected if the excess emission comes from free-free and bound-free processes occurring in their circumstellar disks. That is why the near-infrared (near-IR) spectral regions are particularly useful in detecting and confirming Be stars. IR surveys such as Spitzer (the fourth and final of the NASA Great Observatories program, an infrared space telescope launched in 2003) and AKARI (an infrared astronomy satellite developed by Japan Aerospace Exploration Agency, in cooperation with institutes of Europe and Korea, launched in 2006) have shown that the near-IR spectral region allows photometric detection and confirmation of Be stars (Ita et al. 2010; Bonanos et al. 2010) .
The Wide-Field Infrared Survey Explorer (WISE, Wright et al. 2010) , which surveyed the sky in four bandpasses between 3.4 µm and 22 µm, provides a better understanding of the infrared sky. The AllWISE source catalogue (Cutri et al. 2013) gives observations with good angular resolution which are suitable to study the Be stellar population in open clusters.
In the present article, we use the IR photometry provided by the AllWISE source catalogue (Cutri et al. 2013 ) for a group of five open clusters with ages between 10 and 30 Myr, well known for hosting Be stars and which have been extensively studied in the literature. We explore how these cluster Be stars are distributed in the WISE colour-magnitude diagram (CMD) and investigate whether the location of Be stars in these plots can provide global information on the characteristics of the circumstellar disks and activity cycles for these stars. In order to interpret the observed near-IR characteristics of Be stars in open clusters, we generate a grid of synthetic WISE magnitudes and colours for star-plus-disk systems using the beray code (Sigut 2011) . This paper is organized as follows: in Section 2 we describe the observations and selection method. Section 3 presents our results, Section 4 describes our disk model predictions, and conclusions are provided in Section 5.
WISE PHOTOMETRY OF YOUNG OPEN CLUSTERS

WISE observations
For the present work, we use data available at the All-WISE source catalogue (Cutri et al. 2013 ). This program extended the work of the successful WISE survey (Wright et al. 2010) , by combining data from different phases of the mission. AllWISE provides astrometry and photometry in four bandpasses in 3.4µm (W1), 4.6µm (W2), 12µm (W3) and 22µm (W4), for nearly 750 million objects, with a better sensitivity than the WISE All-Sky Release Catalogue. Faint source flux biases were corrected, and a more robust estimation of the background level was obtained.
The angular resolution in W1, W2, W3 and W4 bands are 6.1", 6.4", 6.5", and 12.0", respectively (Wright et al. 2010) . As described in the AllWISE Data Processing documents, the AllWISE Source Catalog is intended to be a highly reliable and complete set of single, unique detections for compact objects on the sky, so targets in severely crowded regions are not considered in the AllWISE Source Catalogue. That is why in the present study, even though we might miss some targets, we are not affected by severely crowded regions.
For the W1 and W2 filters the saturation limits are W1=8 mag and W2=7 mag, and the limiting magnitudes, for which the background level becomes an issue in crowded cluster regions, occurs at W1=14 mag and W2=13.5 (Cutri et al. 2013) . Therefore, it is important for our work to select clusters in which MS B stars have a brightness below the saturation limit and above the limiting magnitude. This way, we ensure that most of the cluster members have small errors in the W1 and W2 bands. It is worth stating that some targets located in rather crowded cluster regions, or with a nearby bright star, could suffer from a poor background determination, which may lead to an underestimation of the brightness and larger error bars.
Most stars with brightness between the saturation limit and background level in the W1 and W2 bands, have a brightness that is fainter than the background sky level in the W4 band. That is why we focus only in the W1 and W2 data and, eventually, the W3 data for those objects with good quality observations.
The selected sample of open clusters
As we are interested in studying the general behaviour of Be stars, we selected five Galactic, young, open clusters broadly studied in the literature: NGC 663, NGC 3766, NGC 4755, and the double cluster NGC 869-NGC 884. Not only are they known for being particularly rich in Be stars, but also the B type stars within these clusters have a brightness below the saturation limit and above the limiting magnitude as discussed in the previous section.
Even though various authors give different values for the cluster parameters (e.g. Phelps & Janes (1994) ; Pigulski et al. (2001) ; Fabregat & Capilla (2005) for NGC 663, Slesnick et al. (2002) ; Keller et al. (2001) ; Marco & Bernabeu (2001) ; Maciejewski & Niedzielski (2007) for NGC 869 and NGC 884, Aidelman et al. (2012) ; Piatti et al. (1998) ; McSwain & Gies (2005) for NGC 3766 or Aidelman et al. (2012) ; Balona & Koen (1994) ; Sanner et al. (2001) for NGC 4755), we chose to use those reported by Kharchenko et al. (2013) , which provides a homogeneous database. For all the clusters under study the parameters given by these authors agree with others in the literature. The names, ages, distance modulus, reddening, and radius assumed for the selected clusters are listed in Table 1 .
The estimates of the errors given by Kharchenko et al. (2013) for E(B-V), age, distance and radius are 7%, 39%, 11% and 25%, respectively. The error estimate in distance of 11% corresponds to an error of the absolute distance modulus of 0.275 mag.
To select the probable, early-type, cluster MS members, we used the cluster radius given by Kharchenko et al. (2013) and the 2MASS photometry provided together with the WISE photometry (Cutri et al. 2013) . We converted the observed J magnitude and (J-H) colour to absolute values using the tabulated distances and E(B-V) excesses of Table 1 and the empirical relations for the extinction A J and excess E(J-H) given by Yuan et al. (2013) . The extinction coefficients given by these authors agree with the average values obtained by Davenport et al. (2014) as determined from 5×10 5 stars.
Synthetic Populations with SYCLIST
Even though a detailed cluster parameter determination is beyond the scope of the present article, we generated synthetic stellar populations with SYCLIST, the Geneva population synthesis code (Georgy et al. 2014) , with the aim of determining the regions in the CMD where we expect to have MS and red supergiant stars for different cluster ages. We seek to check whether the parameters chosen from the literature are adequate to describe the observations. We decided to build stellar populations (as described in the next paragraph), instead of using typical isochrones, in order to account for the effects of stellar rotation in the evolution, as well as some observational effects.
Synthetic populations of 50000 stars with masses between 1.7 M ⊙ and 15 M ⊙ at the ZAMS were created following the typical Salpeter initial mass function (IMF) and the initial rotational velocity distribution given by Huang et al. (2010) . The inclination angles (angle between the line of sight and the stellar rotation axis) are assumed to follow a random distribution. For these synthetic clusters, a fraction of 30% was adopted for unresolved binaries, which produces broadening in the low mass range where we have mainly equal mass binaries. We considered this value following Oudmaijer & Parr (2010) , who found that the incidence of binaries among Be stars to be 30%. We used the colour-effective temperature calibration from Worthey & Lee (2011) . Because we do not intend to do detailed model fitting to the observations, we have not introduced artificial errors in magnitude and colour to the stars in our synthetic clusters.
Figures 1, 2, 3, 4 and 5 (left panels) show the synthetic populations (red dots) corresponding to the ages given by Kharchenko et al. (2013) together with the cluster observations, in the 2MASS M J versus M J -M H CMD. All observed objects within the given cluster radius are indicated as gray crosses.
For NGC 3766, blue circles correspond to a synthetic population with a younger age than the one provided by Kharchenko et al. (2013) , as has been proposed by different authors for this cluster (Moitinho et al. 1997; Tadross 2001; Aidelman et al. 2012) , and also appears in the WEBDA 1 . The 1 http://www.univie.ac.at/webda/webda.html younger age is in better agreement with the existence of RSG stars and the large number of Be stars found in this cluster (Granada et al. 2013) .
The synthetic populations indicate that objects with J≤1.5 and intrinsic colour J-H<0.15, correspond to MS stars of spectral type earlier than A0, and to blue supergiant (BSG) stars. Then, from all the stars within the given cluster radius, we selected objects within these magnitude and colour limits. By doing this, we removed foreground and background non-cluster members, pre-MS stars (see e.g. Bonatto et al. 2006) , as well as red giants and red supergiant (RSG) stars. These objects are plotted as black points in Figures 1 to 5 (left panel).
For all the clusters, the region in the CMD occupied by MS stars, indicated with black points, is correctly traced by the models of ages given in Table 1 , including the position of the cluster turn-off and the location of RSG stars.
The selection of WISE B-type stars
As mentioned in the previous subsection, the left panels of Figures 1 to 5 show the 2MASS CMD of absolute magnitude M J versus the intrinsic colour J-H for synthetic clusters and observations.
Our selection of targets, stars that are likely OB MS cluster members, determined using the procedure described above, are shown as black and green symbols.
For the stars in each cluster, we used the empirical relations given by Yuan et al. (2013) for the extinction A(W1) = 0.19 E(B − V) and colour excess E(W1 − W2) = 0.036 E(B − V), as well as the colour excesses and distance modulus (µ 0 ) given by Kharchenko et al. (2013) to convert the observed W1 magnitude and W1-W2 colour to absolute magnitudes and intrinsic colours.
An error of 0.1 mag in E(B-V), larger than the estimates given for the clusters under study, leads to a difference smaller than 0.004 mag in the determination of W1-W2, while the typical observational error for this colour is larger than 0.02 mag. The effect of such error in colour excess in WISE magnitudes is also small, particularly in comparison to the error of 0.275 mag introduced in the determination of cluster distances. However, these errors in the determination of µ 0 neither produce significant changes in the spectral type nor affect the main results of this work regarding the colour excesses of Be stars.
The WISE CMD for the clusters are presented in the right panels of Figures 1 to 5. The colour of the points in these figures indicate different ranges of absolute J magnitude. From our models, we obtain that MS stars with effective temperatures between 10000 K and 30000 K, corresponding to the B-type range, have absolute J magnitudes between -4 and 1: we subdivide this range in J magnitude as -4≤ J<-3 (green points), -3≤ J<-2 (blue points), -2≤ J<-1 (magenta points), -1≤J<0 (cyan points), and 0≤ J<1 (yellow points). Red and black points with J<-4 correspond to O type stars and super-giants. Objects with J>1 are indicated with black full circles. Open squares indicate the known Be stars. The Be nature of these objects has been previously determined either from spectroscopic observations (e.g. McSwain & Gies 2005; McSwain et al. 2009; Marsh Boyer et al. 2012; Huang et al. 2010; Mathew & Subramaniam 2011) , or Hα narrow band photometry (e.g. Pigulski et al. 2001) . The error estimate in distance of 11% corresponds to an error of the absolute distance modulus of 0.275 mag. † This cluster age, that adequately describes the cluster turnoff and presence of red supergiant stars using SYCLIST, was not taken from Kharchenko et al. (2013) . † † The cluster radii considered for these two clusters correspond to the angular radius of the central part (R1) by Kharchenko et al. (2013) , instead of the angular radius of the cluster (R2). This is to avoid cluster overlapping.
The WISE CMD using all OB stars from the five open clusters (with absolute magnitude J<1 and intrinsic colour J-H<0.15) is presented in Figure 6 . Due to the low quality of the data of most objects with W1-W2<-0.25, we removed stars with W1-W2 colour beyond this limit, and this is why the B star sample is incomplete, particularly towards later spectral types. Stars with W1-W2≥0.5 are likely not MS B stars, but Class II young stellar objects (Koenig et al. 2012 ), so we removed them from the sample of B stars as well. Panel a) of Figure 6 shows all the stars with gray points with errorbars, and panel b) highlights stars with a previous Be classification with coloured squares. Full squares indicate stars of B spectral type (yellow, cyan, magenta, blue and green points) and open squares correspond to earlier-type emission line stars (red and black). This sample of B and Be stars will be analyzed in the following section. Table 2 lists the 95 stars studied in this work with a previous Be classification. Their coordinates are tabulated in columns 1 and 2, their WISE and 2MASS intrinsic magnitudes, colours and errors are listed in columns 3 to 14, a number indicating the WISE variability of the star in column 15 (0 where no variability flag could be assigned, 1 for stars that are stable, 2 for those without a clear variability signature and 3 for stars that are variable). The spectral type (0 corresponds to B0, 1 to B1 and so on) and luminosity class are indicated in columns 16 and 17, respectively, column 18 gives the name of the object as available in SIMBAD together with references relevant to the Be star classification of the object. In the last column, we give the Be class assigned to the object in this work, either early, mid or late Be star. 
OB stars Be stars 
OB stars Be stars A2IIe star Similar to Bonanos et al. (2010) , we define photometric Be stars as B type stars having colour excesses within a certain range. In the case of WISE colours, Nikutta et al. (2014) defined naked stars as stellar objects without a protostellar dusty disk with W1-W2<0.8. This limit prevents contamination from faint IR sources. For the whole group of naked stars not severely affected by extinction and dominated by MS or normal stars, objects with no evidence of a circumstellar disk, these authors find a mean value µ W 12 =-0.04 for the colour W 12 =W1-W2, with a standard deviation σ W 12 =0.03.
For our sample of B stars with absolute J magnitude values between -4 and 1, the mean colour is µ W 12 =-0.066 with a standard deviation of σ W 12 =0.002, whereas for the subgroup of early and mid B stars (-4<J<-1), the values are µ W 12 =-0.023 and σ W 12 =0.006. We chose to use the conservative criteria given by Nikutta et al. (2014) according to which most naked or normal stars have W1-W2<0.05. This limit is represented with a vertical black line in Figure 6 (a) and represents the limit between stars behaving as the majority (or normal) and those B-type stars having an infrared excess.
Figure 6 (b) shows all the stars in our sample of five clusters as gray circles and known Be stars as coloured squares. As described before, different colours correspond to different J magnitude bins. We can see that Be stars cluster mainly in two regions of this plot, a large group is found together with naked or normal B stars in the region with W1-W2 between -0.25 and 0.05, and another group in the region with W1-W2 between 0.1 and 0.3.
Indeed, as can be seen in Figure 7 , we find that 98.8% of the non-Be objects or normal stars have W1-W2<0.05. We define Be star candidates as objects that have no Be star classification but have W1-W2≥0.05.
We split our sample of B stars in absolute magnitude bins corresponding to early (-4≤J<-2, green and blue points in Figure 6 (b)), mid (-2≤J<-1, magenta points) and late B stars (-1≤J<1 cyan and yellow points). Red and black points in Figure 6 (b) correspond to O type stars and supergiants, with J<-4. The presence of B stars of luminosity class III could eventually pollute the different bins. However, as we do not expect to have a significant number of giants given the ages of the clusters under study, we do not take this possibility into account in the present article. This may be of interest when older clusters are studied.
Then, we have 144 early B stars of which 47 are known Be stars (32.6%). Among the 166 mid B stars, 33 are known Be stars (19.9%) and within the 836 late B stars, 15 (1.8%) are known Be stars. If we look at the early and mid B stars together, 25.8% are Be stars. The fraction of Be stars decreases significantly when the sample contains later type stars.
This dependency of the fraction of Be stars on the spec- Figure 7 . Fraction of stars in each W1-W2 colour bin. The black continuous line shows the distribution of all B stars in our sample, the red line shows the distribution of Be stars and the blue line shows the distribution of objects that are not known to be Be stars.
tral type range under consideration has been extensively reported in the literature, and is the reason why different authors find large Be fractions when observing the upper MS of open clusters (e.g. Grebel et al. 1992; Grebel 1997; Maeder et al. 1999; Keller et al. 2001; McSwain & Gies 2005; Martayan et al. 2010; Iqbal & Keller 2013 ). These works do not properly account for the late B and Be-type stars.
When looking at our overall sample (−4 < J < 1), the fraction of Be stars is 8.5%. Because of the lack of completeness, in particular of the late B-type sample, the proportion of Be stars might certainly be lower for the whole B sample.
Of all early Be stars, 49% have W1 − W2 ≥ 0.05; among mid Be stars the percentage increases to 60.6% and for late Be stars decreases to 26.7%. The number of Be candidates in our sample is 1 in the early Be group, 1 in the mid Be group, and 12 in the late Be group.
In the mid and early Be star groups, 43 out of the 45 stars with an excess W1 − W2 ≥ 0.05 are known Be stars (95.6%). We assume that we know all the Be stars in these spectral ranges, for the open clusters studied in this article. This indicates that there may remain only a few objects to be discovered as mid and early Be stars within these clusters.
On the contrary, in the late Be group, the large proportion of new candidates indicates that for late B stars the classification as Be stars can be more difficult, and a significant number of these objects may have eluded a previous detection. In Table 3 we list the coordinates, absolute W1 magnitude, W1-W2 (indicated as W12), W2-W3 (indicated as W23), as well as other relevant data for all the Be candidates and other interesting objects as well. The presence of a circumstellar disk may not always be evident if the disk is not dense or large enough and/or the spectroscopic observations are not done with sufficient resolution. In this sense, the WISE photometric classification can identify new targets to look for the Be phenomenon, which could be studied later spectroscopically. Figure 8 represents the WISE colour-colour diagram W2-W3 versus W1-W2. We included only early and mid B type stars because of the low quality of W3 for most of late Btype stars. All Be stars with W1-W2>0.05 reside within a well determined region, indicated as a black rectangle in the plot. Most Be stars with W1-W2<0.05 behave as normal B stars, most of which have W2-W3<0.6, with the remarkable exception of two Be stars with W2-W3>1.5, and a third non Be star. These very red colours are definitely not characteristic of Be stars, and interestingly both stars are not only Be stars but also have a β Cephei classification. The non-Be star that behaves similar to these two objects is an eclipsing binary. The colours of these objects agree with those presented by Nikutta et al. (2014) for a central star with a tem- perature of 10 000K surrounded by an optically thin dusty shell with a rather flat density distribution. This kind of density profile places more dust at large radial distances, where the temperature is lower. In this case, a small increase in optical depth can significantly enhance long wavelength emission and therefore increasing W2-W3 while having a value of close to 0 for the warmer colour W1-W2. This observable signature could be evidence of the β Cephei behaviour, as pulsations could enhance the shifting of dust at large radial distances. All three objects deserve further study. The coordinates and other characteristics of both Be stars and the third interesting star are listed in Table 3 .
WISE variability of Be stars
In order to probe the variability of our sample of Be stars, we investigate the variability flags given in the ALLWISE catalogue (Cutri et al. 2013) . Figure 9 shows the WISE CMD for all Be stars in our sample. The different symbols and colours represent Be stars that have different variability flags in their WISE magnitudes (Hoffman et al. 2012) . Moffat & Vogt (1974) , (2) Gushee (1919) , (3) All data available in SIMBAD astronomical database (Wenger et al. 2000) .
As explained in the AllWISE data release 2 , the AllWISE source catalog contains one set of calibrated magnitudes per object. With this aim, during the AllWISE science data processing, single-exposure images obtained in different epochs were coadded, allowing the detection of sources and the measurement of the position, apparent motion and photometry for each of them. Profile-fit photometry was performed simultaneously in the four WISE bands, and also for each filter and single-exposure image, so not only one set of calibrated magnitudes per object was obtained, but also multiepoch photometry is available for each object and in each band. During this data processing, flux variability in a band was evaluated by analyzing the distribution of flux measurements of a source on the individual single-exposure frames, and hence a variability flag was assigned to each band.
Because the clusters under study are near the Galactic plane, the single-exposure images from which the observations of the Be stars presented in our article originate were performed in either two or three different epochs, separated by around 180 days. In each epoch, ten to sixteen individual observations were obtained within two to five days, all of them available in the AllWISE Multiepoch Photometry Database 3 . In Figure 9 , the red circles indicate Be stars with variability flags compatible with no variation (flags 0-5) while blue squares correspond to objects that are very likely variable objects (flags 8-9). For the remaining objects, identified with black crosses, either the quality of the data did not allow any variability flag to be provided in W1 or W2 bands, or the variability flags did not provide a clear variability signature (flag 6 or 7).
We see that red and blue symbols occupy different regions of the CMD: while the 61 non-variable Be stars tend to reside either with the normal B stars, or with stars with a significant excess, the 17 variable Be stars tend to occupy a transition region between normal B stars and stars having a significant excess.
By doing a two-sample Kolmogorov-Smirnov test of these variable and non-variable Be stars, we find that it is unlikely that these two samples come from the same distribution, as shown in Figure 10 . The null hypothesis that both samples come from a population with the same distribution can be rejected at a significance level of α = 0.005.
We interpret the differences between the two samples in the WISE CMD in terms of quiescent (normal B) and active phases, in which the star hosts a circumstellar disk. A lack of variability is found either for Be stars in a quiescent (diskless phase), or for stars that have a developed disk that is not changing significantly. On the other hand, variable stars are Be stars undergoing disk changes. Among the 95 Be stars of our sample, 17 are definitely variable stars, with light and colour changes observed during the 18 months of WISE observations. This constitutes 18% of the sample.
To show the variability of the Be stars flagged as variables, we calculated the mean W1 and W2 magnitudes for each epoch and plotted the corresponding data in Figure 9 . The variability between consecutive epochs is indicated with an arrow pointing in the direction of the time evolution. The six variable stars that are in the quiescent state, undergo small color and magnitude changes, indicating that some minor mass loss episodes could occur in these objects. There is a significant change in colour and magnitude in most of the variable active stars.
As described in the following section, the variability observed in the most active variable Be stars is compatible with a disk dissipation phase. In order to interpret the nature of the variability behavior of Be stars, we have generated synthetic WISE colours using beray circumstellar disk code (Sigut 2011 ).
DISK MODEL PREDICTIONS
In order to obtain the IR continuum flux of B1, B3 and B7 spectral type stars 4 hosting circumstellar disks, we used the codes bedisk (Sigut & Jones 2007) and beray (Sigut 2011) . The former computes the temperature structure for a given disk density structure; the statistical equilibrium equations are solved to obtain the atomic level populations used for computation of the heating and cooling rates, which are bal-anced to fix the temperature. The latter solves the radiative transfer equation along 10 5 rays through the star-plus-disk system for a given inclination angle. Rays that terminate on the stellar surface use an appropriately limb-darkened intensity for the boundary condition on the transfer equation. In this way, different observables can be computed, such as line profiles, spectral energy distributions (SEDs), or monochromatic images projected on the sky. These codes have been broadly used for the interpretation of Hα lines (Silaj et al. 2010; Ahmed & Sigut 2012; Sigut & Patel 2013; Silaj et al. 2014) , near-IR spectroscopy ), and interferometric observations Tycner et al. 2008; Sigut et al. 2015) of Be star disks. In the present work, SEDs are the focus of the modelling as these can be used to compute the required near-IR magnitudes and colours.
For the present work, we use an axisymmetric disk density distribution in which the radial density depends on two parameters: ρ 0 , the density at the base of the disk, and n, the power-law exponent that determines how the density decreases with distance in the equatorial plane from the star. The disk density distribution in the cyclindrical co-ordinates
Here, r 0 is the stellar radius and H is the disk scale height, computed assuming the disk is in hydrostatic equilibrium in the vertical (i.e. Z) direction with an isothermal temperature of 0.6 T eff (see Sigut et al. 2009 ). This isothermal temperature is used only to fix the disk scale height, and this, coupled with the assumption of vertical hydrostatic equilibrium, produces a flaring disk with H ∝ R 3/2 . We computed spectral energy distributions assuming different values of ρ 0 , between 10 , and for different values of n, ranging between 2 and 4. These are typical values often considered for Be stars in the literature (Rivinius et al. 2013) . For the present calculations, we considered a disk size of 50 stellar radii, and a variety of inclination angles.
For each model, we computed WISE magnitudes by convolving our synthetic energy distributions with each WISE filter, as described by Jarrett et al. (2011) . We also obtained 2MASS J magnitudes by using 2MASS filter definitions and the fluxes for zero magnitude from Cohen et al. (2003) . We present the computed magnitudes (W1, J, H, K) and WISE colours (W1-W2 indicated as W12 and W2-W3 indicated as W23) for three different spectral types for five different values of n, eight values of ρ 0 , and five different inclination angles in Tables 4, 5 , 6, 7 and 8. In addition, we also provide for each model the predicted equivalent width of the Hα line (EW Hα ), a quantity of special interest for Be stars as emission in the Balmer series (i.e. a negative value of EW Hα ) is the defining characteristic of the Be stars and a signature of disk emission. 
Allowed n and ρ 0 for Be stars
From Figure 6 , we see that the late-type Be stars and candidates have W1-W2<0.25, whereas the mid-and early B-type objects have W1-W2<0.35. We now explore our models to see which combinations of ρ 0 and n give W1-W2 compatible with these limits. Figure 11 shows, for an inclination of 60 o , which combinations of the disk density parameters ρ 0 and n are consistent with the above limits. The blue, magenta and black lines describe the limits for early, mid, and late spectral types, respectively. There is a clear trend with spectral type: larger ρ 0 base densities are allowed for smaller n for earlier spectral types, indicating that earlier spectra types can have more massive disks. Changing the inclination angle changes these limits somewhat, particularly larger inclination angles where the disk is projected against the stellar surface, but the overall trend with spectral type is not modified. The limits here agree with disk density forbidden zone as described by Vieira et al. (2017) (shown in the figure as a gray line), obtained for a large sample of Be stars with different inclination angles. Finally, the open squares indicate the combinations of parameters that lead to W1-W2<0.05, thus appearing as normal B stars.
In Figure 12 , we plot the known Be stars (squares with a black central point) for the five open clusters, together with the synthetic colours and magnitudes in the W1 versus W1-W2 colour magnitude diagram (gray symbols and coloured circles). Once more, the different colours indicate different J magnitude ranges. The gray symbols correspond to mod- Table 7 . Synthetic infrared magnitudes and colours computed for n=3.5 4.98×10 els with combinations of n and ρ 0 that are outside the usual range of parameters found when fitting Be star disk models, called the forbidden region by Vieira et al. (2017) . Circles and hexagons correspond to models with an early-type central stars, triangles to mid B central stars and crosses and diamonds to late B type stars. The different shapes help to distinguish models with different n, and different symbol sizes correspond to different viewing angles. We see that there are no Be stars in the region of the CMD occupied by the forbidden models, indicating that indeed these kinds of more massive disks do not correspond to MS Be stars. The computed models are seen to nicely cover the region occupied by Be stars and to correctly describe their corresponding J magnitudes. The models with the smallest disks (lowest ρ 0 ) are located in the region of normal B stars or very close to it. With increasing ρ 0 , the effect of inclination becomes more prominent, as discussed in the next section.
Effects of the inclination angle
In Figure 12 , identical disk models but with different (largest symbols) are connected with a continuous line. For a fixed stellar mass, the models with the smallest n have more massive disks for the same ρ 0 and have redder colours. Interestingly, the analysis of near-IR photometry of Be stars has the potential of being useful to study whether there is a preferential viewing angle in stellar clusters, as has already been found in certain clusters (Corsaro et al. 2017 ). According to our results, we expect that clusters with preferred pole-on inclinations and Be stars with developed disks, with W1-W2≥0.15, have W1 magnitudes around one magnitude brighter than those clusters with preferential equator-on inclinations.
Mass of the disk and its relation to the Hα equivalent
width By integrating our model disk densities over the volume of the disk to radial distance of 50 stellar radii, we obtain an estimate of the mass of the disk. Table 9 provides the disk mass for each model in units of the stellar mass (M * ). The assumed stellar mass for each spectral type is indicated on top of each column, so conversion to solar masses is straightforward. Figure 13 shows the Hα equivalent width (EW) versus the corresponding model disk mass (in M ⊙ ) for different spectral types and disk density parameters, all for an inclination angle of 60 o . Models with other inclination angles are indicated with dots, for ease of comparison. Small crosses correspond to combinations of parameters that belong to the disk density forbidden region. The colour coding in Figure 13 is the same as in Figure 11 : black squares correspond to late B stars, magenta circles to intermediate B stars, and blue triangles to early B stars. The point size is proportional to the value of n, the smallest correspond to n=2 and the largest, to n=4.
We find that the early-type models can have more massive disks and produce larger Hα equivalent widths than the later B-type models , in agreement with Arcos et al. (2017) . Open symbols indicate objects with W1-W2<0.05, the region typically occupied by normal B stars. Interestingly, all these models have positive EW, indicating that these objects do not have a significant disk emission contribution to the photospheric Hα line. Full symbols correspond to models with W1-W2 below the forbidden region limit and W1-W2≥0.05. It is remarkable that for a fixed inclination angle and spectral type of the central star, there is a one to one relation between EW and the mass of the disk, particularly for those models with large colour excess. We discuss this later in the context of stars with stable, developed disks. The one-to-one relation for the three spectral types and an inclination angle of 60 o is represented by coloured lines (second-order polynomial fits) in Figure 13 .
We see that some of the models with large n (the largest symbols) and small disk masses are very close to the EW=0 
Disk growth and dissipation phases
As suggested by Vieira et al. (2017) , disk growth and dissipation phases can be represented with different combinations of the parameters n and ρ 0 . During these formation/dissipation phases, the star is expected to describe a loop in the CMD (Dougherty et al. 1994; de Wit et al. 2006; Sigut & Patel 2013) . Figure 14 shows our confirmed Be stars together with models of disk growth and dissipation phases, similar to those presented by Vieira et al. (2017) : first the disk forms and grows in size, represented by a decrease in n from 4 to 3.5 for a constant ρ 0 , and then subsequently dissipates, represented by a decrease in ρ 0 and decreasing n. For each stellar model, two different values of ρ 0 at the beginning of the disk growth were considered in an attempt to mimmick two different disk mass loss rates.
Models represented by gray circles correspond to a logarithm of the mass loss rates (in M ⊙ yr −1 ) of -9.1 for the B1 star, -10.1 for the B3 star, and -11.1 for the B7 star, as in Vieira et al. (2017) . Models indicated with black di- amonds represent mass loss rates of an order of magnitude larger and are consistent with the mass loss rates predicted by Granada et al. (2013) from stellar angular momentum loss rates for critically rotating B-type stellar models. The models joined with dashed and dotted lines correspond to disk evolutionary tracks through a formation/dissipation phase for three different inclination angles, 18
• , 60
• and 84
• . The size of the points increases from pole to equatorial viewing angle. For most of the models, once the disk appears, the star very quickly reaches a large colour excess and becomes brighter in W1 band.
We see that for the confirmed early and mid Be stars, both sets of disk evolutionary tracks qualitatively describe the location of the stars having an excess in WISE colours. The observed late Be stars are better described by disks with the larger density presented here. The large number of Be candidates in this spectral type range that have not been confirmed yet (see Figure 6 (b)) shows that smaller disks may be frequent but hard to detect, but this conclusion requires further investigation.
We can see in Figure 14 that W1-W2>0.15 is predicted for models with combinations of ρ 0 and n that describe disks being continuously fed by the central star. Therefore, we propose that most Be stars with W1-W2>0.15 (observed in particular among mid and early Be stars) host developed, stable disks. Most Be stars with W1-W2≤0.05 are likely in a diskless phase, and objects with W1-W2 between 0.05 and 0.15 are either stars with small mass loss rates or objects with dissipating disks.
Following this scheme, and as mentioned before, 53.1% of the early Be stars in our sample and 39.4% of the mid Be stars are in a quiescent or diskless phase. Among active stars 14.3% of all early Be stars and 9.1% of all mid Be stars have a dissipating or small disk, and 32.7% of early Be stars and 51.5% of mid Be stars have a developed disk. For the overall sample of 80 early and mid Be stars, 46.3% are in a diskless phase, 12.5% have a small or dissipating disk, and 41.3% have a developed stable disk. This last value is consistent with the fraction (37%) of Be stars with long term photometric variability (Labadie-Bartz et al. 2017 ).
For objects with W1-W2≥0.15, our modelling shows that the allowed combinations of ρ and n that correspond to stable, developed disks, lead to a tight relation between the corresponding Hα equivalent width and the mass of the disk when the inclination angle and the spectral type of the star are fixed. Therefore, in the frame of this simple disk modelling, we suggest that for very stable disks, we could spectroscopically estimate the mass of the disk using the spectral type of the star, an estimate of the viewing inclination (via the morphology of the Hα emission line), and the EW Hα .
For three Be stars in our sample with W1-W2>0.15 and flagged as stable that are likely to host stable developed disks, there is available data of Hα spectroscopy from the BeSS catalogue: there is one early Be star BD+60 341 (EW Hα =-35.2Å), and two mid Be stars: V* V984 Cas (EW Hα =-24.0), and EM* GGA 93 (EW Hα =-22.2). The Bess catalogue gathers the information of classical Be stars and Herbig Ae/Be stars, and assembles spectra obtained by professional and amateur astronomers of these stars. For the three objects with available spectra, using the relations shown in Figure 13 , we obtained disk masses (log(M disk )) of -7.302, -8.025, -8.064 respectively. The green symbols in Figure 13 , indicate the values derived from observations, and in all three cases correspond to the upper limit of disk mass.
CONCLUSIONS
Open clusters provide a unique laboratory to study stellar populations and, in particular, the Be stars. The five young open clusters studied in this work, NGC 663, NGC 869, NGC 884, NGC 3766 and NGC 4755, have long been known to host numerous Be stars that have been broadly studied in the literature. WISE near-IR photometry allows identification of Be stars and the detection of new Be star candidates which could be confirmed spectroscopically. In these clusters, virtually all mid-and early-type Be stars with W1-W2>0.05 are known Be stars, which leads us to conclude that in this spectral range, almost all of Be stars in these clusters have been identified. Conversely, many late-type Be stars may not yet have been identified as such.
bedisk/beray models with typical disk density structures derived for Be stars correctly describe the global near-IR photometric characteristics of Be stars in our sample.
For small and intermediate inclination angles, we obtain that stars with W1-W2≥0.15 have values of n ≤3.5 and intermediate values of ρ 0 . Models with very large disk density do not lead to colours observed in the Be stars of our sample, and the limits we derive are coincident with the disk density "forbidden region" defined by Vieira et al. (2017) . For models with large inclination angles (nearly equator-on), the near-IR excesses are rather small, particularly when the central star is of a late spectral type.
The location of the mid-and early-type Be stars with fullydeveloped disks in the CMD, W1-W2≥0.15, requires mass loss rates in agreement with those of Vieira et al. (2017) , obtained for a large sample of observed Be stars, and those of Granada et al. (2013) predicted from the stellar angular momentum loss rates obtained for critically rotating models. We find for these stars, if the spectral type and inclination of the central star is known, the disk mass can be estimated from the tight relation between Hα EW and the mass of the disk.
The location of Be stars in WISE CMD and CC diagrams provides a convenient method to separate them into active (Be stars hosting a developed circumstellar disk with W1-W2≥0.05) and quiescent stages (Be stars in a diskless phase with W1-W2<0.05). This can be used as a tool to explore the frequency of these different activity states.
From the analysis of Be stars in five open clusters between 15 and 30 Myrs, if we understand our observed sample as a snapshot of the behaviour of these objects, we deduce that half of the time, early Be stars are in an active phase, while mid Be stars are in an active phase 60% of the time. In particular, 34% of the time, early Be stars seem to host a large, developed disk with W1-W2>0.15. For mid Be stars the fraction grows to 51.5%.
Among early and mid Be stars, 15% and 9% of the objects respectively, have W1-W2 between 0.05 and 0.15, which points towards the finding that the formation of small short lived disks (perhaps from outbursts) is more common among early type stars, in agreement with other authors (e.g. Hubert & Floquet 1998; Barnsley & Steele 2013; Labadie-Bartz et al. 2017) .
In the late B-type group there is a considerable number of unconfirmed Be candidates. This is why we consider that the sample of late Be stars is not complete enough to make an analysis as the one performed for early and mid Be stars: a large fraction of objects with small infrared excesses might have disks hard to detect from Hα spectroscopy. Near IR observations in the H band such as those presented by Chojnowski et al. (2015 Chojnowski et al. ( , 2017 , or the K and L bands ( (Lenorzer et al. 2002; Mennickent et al. 2009; Granada et al. 2010; Sabogal et al. 2017) ), trace the innermost regions of the circumstellar disk, and are more appropriate to study the disks around these late Be stars.
The WISE colours of the sample of active Be stars show that early-type objects have more massive disks than latetype Be stars. Some of the models of late-type Be stars with low mass disks in an active phase (W1-W2>0.05) have positive equivalent widths, indicating that many late-type stars hosting a disk might be more difficult to detect spectroscopically. This could explain the large number of late Be candidates in our sample.
Finally, the analysis of near-IR photometry of Be stars in open clusters could be useful to explore whether there is a preferential viewing angle in open stellar clusters (i.e., preferential alignment of the stellar rotation axes), as has already been found in certain clusters (Corsaro et al. 2017 (project number 200020-172505) . This publication makes use of data products from the Wide-field Infrared Survey Explorer, which is a joint project of the University of California, Los Angeles, and the Jet Propulsion Laboratory/California Institute of Technology, funded by the National Aeronautics and Space Administration. This work has made use of the BeSS database, operated at LESIA, Observatoire de Meudon, France: http://basebe.obspm.fr. We thank Christian Buil, the amateur astronomer who obtained the three Hα spectra used in this article and made them available through the BeSS database. We also thank the referee of this paper for his/her careful reading of the manuscript and a very constructive report.
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